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ABSTRACT
We report on the identification of the new Galactic Center (GC) transient Swift J174540.7-
290015 as a likely low mass X-ray binary (LMXB) located at only 16 arcsec from Sgr A⋆. This
transient was detected on 2016 February 6th during the Swift GC monitoring, and it showed
long-term spectral variations compatible with a hard to soft state transition. We observed the
field with XMM-Newton on February 26th for 35 ks, detecting the source in the soft state,
characterised by a low level of variability and a soft X-ray thermal spectrum with a high
energy tail (detected by INTEGRAL up to ∼ 50 keV), typical of either accreting neutron
stars or black holes. We observed: i) a high column density of neutral absorbing material,
suggesting that Swift J174540.7-290015 is located near or beyond the GC and; ii) a sub-Solar
Iron abundance, therefore we argue that Iron is depleted into dust grains. The lack of detection
of Fe K absorption lines, eclipses or dipping suggests that the accretion disc is observed at
a low inclination angle. Radio (VLA) observations did not detect any radio counterpart to
Swift J174540.7-290015. No evidence for X-ray or radio periodicity is found. The location
of the transient was observed also in the near-IR with GROND at MPG/ESO La Silla 2.2m
telescope and VLT/NaCo pre- and post-outburst. Within the Chandra error region we find
multiple objects that display no significant variations.
Key words: X-rays: binaries, methods: observational, techniques: spectroscopic
1 INTRODUCTION
Sgr A⋆(Genzel et al. 2010), the supermassive black hole (BH) at
the Galactic Center (GC), generates a deep gravitational potential
that is expected to bind tens of thousands of stellar remnants, such
as neutron stars (NS) or BH that have settled dynamically into the
central parsec of the Milky Way (Morris 1993; Lee 1995; Miranda-
Escude´ & Gould 2000; Muno et al. 2005). Deep radio surveys were
so far unsuccessful in detecting either ordinary or millisecond pul-
sars, leading to the ”missing pulsar problem” (Wharton et al. 2012;
Dexter & O’Leary 2014). Surprisingly a few years ago the magne-
tar SGR J1745-2900 was discovered via its outburst activity (Mori
et al. 2013; Rea et al. 2013; Eatough et al. 2013; Kaspi et al. 2014;
Coti Zelati et al. 2015), representing the first radio and X-ray pulsar
discovered in the Galatic Center region (at less than a few parsecs
from Sgr A⋆). Many millisecond radio pulsars are expected in the
region, but currently not a single one has been detected. Due to
the three body interaction between this concentration of degenerate
stars and multiple stellar systems, a large population of X-ray bi-
naries is also expected. The monitoring of X-ray transients allows
us to study this population (Pfahl & Loeb 2004; Muno et al. 2005;
Hopman 2009; Faucher-Giguere & Loeb 2011).
The majority of accreting X-ray binaries spend most of their
time in a quiescent state (below the detection limit), sporadically
interrupted by outbursts during which the X-ray luminosity rises by
many orders of magnitudes (Fender & Belloni 2012). Pioneering
works on monitoring of GC X-ray sources have been performed
with Chandra and Swift (Muno et al. 2005; Wijnands et al. 2006;
Campana et al. 2009; Degenaar et al. 2012; 2015).
Swift J174540.7-290015 was discovered by the Swift satel-
lite on Feb. 6th 2016 (Reynolds et al. 2016) during the first
X-ray observation after the GC exited the Solar constraint win-
dow. The Swift X-ray telescope (XRT) data showed a bright
(F ∼ 2 × 10−10 erg cm−2 s−1, in the 2 − 10 keV range)
transient located at less than 16 arcsec from Sgr A⋆ (Reynolds
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et al. 2016). Swift J174540.7-290015 was detected also in the
20-80 keV energy range (Esposito et al. 2016), while observa-
tions with the Karl G. Jansky Very Large Array (VLA) and Gi-
ant Metrewave Radio Telescope (GMRT) did not detect the ra-
dio counterpart (however the limits still leave open the possibil-
ity of a hard state accreting BH or NS) or any pulsation (Maan
et al. 2016; Bower et al. 2016). Within a week from this discov-
ery, Chandra observed the field and refined the transient position
to: RAJ2000 =17:45:40.66±0.34, DecJ2000 =-29:00:15.61±0.33,
where no previous X-ray sources were ever detected (Baganoff et
al. 2016). Therefore, Swift J174540.7-290015 is a new transient
source.
In this paper we report the identification of the source as a
low-inclination X-ray binary hosting a neutron star or a black hole,
most probably with a low mass companion. We discuss the tempo-
ral and spectral characteristics of the transient using the long-term
daily X-ray monitoring of the field performed by the Swift satellite,
the high energy long term monitoring provided by the INTEGRAL
satellite, a 35 ks XMM-Newton observation obtained in Director’s
Discretionary Time (to study the dust scattering halo) performed
about 20 days after the onset of the outburst as well as VLA obser-
vations. Finally, we report on the search for the near-IR counterpart
within VLT/NaCo and GROND data.
2 X-RAY OBSERVATIONS AND DATA REDUCTION
2.1 XMM-Newton
XMM-Newton (Jansen et al. 2001) observed Swift J174540.7-
290015 on February 26th for 35 ks. We processed this data set
starting from the observation data files. The data have been treated
using the latest version (15.0.0) of the XMM-Newton Science Anal-
ysis System (SAS) with the most recent (13 March 2016) calibra-
tions. We used all EPIC (Stru¨der et al. 2001; Turner et al. 2001)
cameras equipped with the medium filter. The arrival times of the
events were corrected to the Solar system barycentre, applying
the BARYCEN task of SAS. We screened the periods of enhanced
particle-induced activity by inspecting the EPIC-pn 10-15 keV light
curves, binned with 5 s resolution, extracted from a circular region,
with 5 arcmin radius, close to the border of the field of view. We
then filter out all the periods with more than 0.85 cts s−1.
Since the main focus of the observation was the study of the
full extension of the dust scattering halo around the source, the
EPIC-pn camera was in Full Frame mode. Having a frame time
of 73.4 ms, the inner core of the point spread function shows pile
up. On the other hand, both EPIC-MOS1 and MOS2 were in tim-
ing mode, with a frame time of 1.75 ms. This assures that no pile
up is present in these datasets. A bad column is falling in the cen-
ter of the extraction region in the EPIC-MOS1 camera, inducing
lower statistics. Therefore these data have been used for consis-
tency checks only. To reduce pile up, the source photons in the
EPIC-pn camera were extracted from an annular region. The outer
radius of the annulus was limited to 40 arcsec, to avoid contribu-
tion from the low mass X-ray binary AX J1745.6-2901 (Ponti et
al. 2015) and the inner radius has been fixed to 15 arcsec. By com-
paring this spectrum from the wings of the Point Spread Function
with the pile-up free EPIC-MOS2 spectrum, we verified that it is
not affected by pile up. We note that the magnetar SGR J1745-
2900 (Rea et al. 2013) is located inside the source extraction re-
gion. However, the magnetar is currently observed at a 2-10 keV
flux of F2−10 = 3.8 × 10−13 erg s−1 cm−2, about three or-
ders of magnitude lower than the instantaneous 2-10 keV flux of
Swift J174540.7-290015 (F2−10 = 2.9 × 10−10 erg s−1 cm−2).
Therefore, SGR J1745-2900 gives a negligible contribution to the
light curves and spectra of Swift J174540.7-290015.
A strong contribution from the emission of the supernova rem-
nant Sgr A East (Maeda et al. 2002; Ponti et al. 2015) is expected
within the EPIC-pn extraction region of Swift J174540.7-290015,
therefore we extracted the background plus diffuse emission from
a long archival observation (OBSID 0505670101) during which
AX J1745.6-2901 had flux and spectral properties similar to the
ones during this observation (being in the soft state and at sim-
ilar flux), the magnetar SGR J1745-2900 was in quiescence and
Sgr A⋆ did not show any flare (Ponti et al. 2015). In the EPIC-
MOS2 camera, the source photons were extracted between RAWX
285 and 330. The larger extraction region, imposed by the timing
mode, implies a larger contribution from AX J1745.6-2901 and dif-
fuse emission, compared to the EPIC-pn spectrum. We converted
the source extraction region (from RAWX coordinates into sky co-
ordinates through the SAS task ECOORDCONV) and we extracted
the background plus diffuse emission from the EPIC-MOS2 cam-
era, during the same long observation (OBSID 0505670101) with
Swift J174540.7-290015 in quiescence. Because of the higher con-
tamination by AX J1745.6-2901 we use the EPIC-MOS spectra for
comparison only. We note that the same best fit parameters (with
all values consistent with the ones obtained by fitting the EPIC-pn
spectrum; §4) were obtained by fitting the EPIC-MOS spectra.
The combination of high column density of absorbing material
(NH = 18.7× 1022 cm−2) and the intense diffuse emission in the
direction towards the Galactic center, prevents us from obtaining a
good characterisation of the source emission below ∼ 2 keV (e.g.,
the low energy absorption edges). For this reason in this work we
do not consider the data from the Reflection Grating Spectrometer
(RGS) instruments.
Spectral fitting was performed using XSPEC version 12.8.2.
The spectra were grouped so that each bin contains at lest 30
counts.
2.2 Swift
The Swift X-ray Telescope (XRT) has been monitoring the central
∼ 15 arcmin of the Galaxy daily since year 2012 (Degenaar et al.
2015). We downloaded all the Swift PC mode datasets between 5-
2-2016 and 10-3-2016 from the HEASARC data archive. This com-
prises 31 PC mode XRT observations. To characterise the contribu-
tion from the background plus complex diffuse emission within the
extraction region of Swift J174540.7-290015 (that contains a con-
tribution from SGR J1745-2900 and AX J1745.6-2901), we used
the Swift data before the outburst of Swift J174540.7-290015. Since
there was no Swift observation of this region between 03-11-2015
and 05-02-2016, we retrieved 15 Swift observations between 15-10-
2015 and 02-11-2015 in XRT PC mode when the source was qui-
escent. These 15 observations are used to measure the background
plus diffuse emission underneath Swift J174540.7-290015.
We applied the standard data reduction following the threads
described on the Swift website. Because of the high absorption col-
umn density towards the source, we considered only data in the
2-10 keV band. Images and spectra were produced using the XS-
ELECT (v2.4c) package. Since Swift J174540.7-290015 is very
bright, significant pile up is affecting all the PC mode observa-
tions. We followed the standard XRT pile-up thread to determine
the pile-up level. We extracted the products from an annulus with
inner radius of 15′′, to ensure that spectra, fluxes and light curves
are not affected by pile up. A 40′′ outer radius is used to include
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3Figure 1. PSF corrected EPIC-pn light curve of Swift J174540.7-290015 in
the 2-10 keV band. The light curve is extracted from an annular region with
inner and outer radii of 15′′ and 40′′, respectively, and binned at 200 s. No
bursts (not even in 1 s binned light light curves) or dips are observed. The
red dashed line shows the best fit with a constant (that results in 43.9 cts
s−1 and χ2 = 161.7 for 170 dof).
most source flux and less contamination from AX J1745.6-2901.
We manually adjusted the astrometry of all datasets by visually
inspecting the images of all the observations. This has been ob-
tained by adjusting the relative position between Swift J174540.7-
290015 and AX J1745.6-2901. This allows us to correct the as-
trometry shifts, which would otherwise affect the PSF correction
and the correct determination of the source flux. By comparing the
light curve with that derived without PSF correction, we ensured
that the uncertainties in the PSF correction are not the cause of the
observed source variability. We also note that the background flux
underneath Swift J174540.7-290015 is only 3% of the source flux
in the 2-10 keV band, so it does not significantly contaminate the
light curve of Swift J174540.7-290015, either.
In addition to the PC mode data, there are also 12 Swift XRT
Windowed Timing (WT) mode observations of Swift J174540.7-
290015. Compared to the PC mode, the WT mode provides higher
time resolution and more counts, but the 1-dimensional image in
the WT mode makes it difficult to determine the background un-
derneath the source region from previous observations as we did in
the PC mode. However, since the background flux is only 3% of
the source flux, we use anyway the WT mode observations as an
independent check of the PC mode results.
Swift J174540.7-290015 is not piled up in the WT mode, so
we defined a circular source region of 20′′ radius, centred on the
pixel which is the perpendicular projection of the source position
on the 1-dimensional WT mode image (again we consider only data
in the 2-10 keV band). The choice of 20′′ radius was a compromise
between including more source flux and less contamination from
AX J1745.6-2901. For eleven WT mode observations, there were
also PC mode observations on the same day, for which we could
compare the spectra between the two modes. For nine observations,
both the spectral shape and normalization were consistent between
the two modes, except that WT mode provided more counts and
thus higher S/N. The remaining two WT mode spectra (ObsID:
00035063134, 00035063136) have the same spectral shape as in
the PC mode but with different normalisation. We found that this is
caused by the bad pixels within the source extraction region in these
two WT mode observations, which affected the source flux and PSF
correction, but did not affect the spectral shape. We excluded these
two observations from further analysis. Since the source spectra
from WT mode observations were consistent with the PC mode,
and the background underneath Swift J174540.7-290015 was much
weaker than the source itself, we decided to apply the same back-
ground flux and spectra for the WT mode data as for the PC mode,
and this should not affect our results.
The exposure maps and ancillary files for the spectra were
computed with the XRTEXPOMAP and XRTMKARF tools provided
in the HEASOFT (6.18) software.
2.3 INTEGRAL
The outburst of the source was observed by INTEGRAL starting
from 2016 February 11, i.e. during satellite revolution 1643. At the
time of writing, only consolidated INTEGRAL data up to revolution
1652 were made available and thus we were able to observe the
evolution of the source hard X-ray emission until 2016 March 6.
As the source is located right into the Galactic center, which is a
complex and crowded region, we also made use of the last data
collected toward this region before the outburst of Swift J174540.7-
290015. These included data during revolutions 1597, 1603, and
1604, covering the period from 2015 October 11 to 19.
INTEGRAL observations are divided into “science windows”
(SCWs), i.e., pointings with typical durations of ∼2-3 ks. We con-
sidered only SCWs where the source was within a maximum off-
axis angle of 12 deg from the satellite aim point, in order to re-
duce the uncertainties on the energy calibrations. All data were
analyzed by using version 10.2 of the Off-line Scientific Analysis
software (OSA) distributed by the ISDC (Courvoisier et al. 2003).
We first extracted the IBIS/ISGRI (Ubertini et al. 2003; Lebrun et
al. 2003) mosaics in the 20-100 keV energy band and the JEM-
X (Lund et al. 2003) mosaics in the 3-10 keV energy band by
summing up all data in revolutions 1597 to 1604. No source was
detected at a position consistent with Swift J174540.7-290015 in
the 20-100 keV energy band and we estimated a 3σ upper limit
on the corresponding energy range of 3 mCrab (corresponding1
to roughly 5.4×10−11 erg cm−2 s−1). From the JEM-X mosaic,
we noticed that the well known transient LMXB AX J1745.6-2901
(Ponti et al. 2015) was detected at a position consistent with that
of Swift J174540.7-290015. The limited spatial resolution of the
JEM-X instrument does not allow us to disentangle the emission of
AX J1745.6-2901 from the one of Swift J174540.7-290015. There-
fore, we decided to extract a JEM-X spectrum of AX J1745.6-2901
from observation taken before the outburst of Swift J174540.7-
290015. We then used this file as a background for the spectrum
of Swift J174540.7-290015, that we obtained from the later obser-
vations (we checked in the Swift data that AX J1745.6-2901 did
not go through major flux and/or state changes during the consid-
ered period). The JEM-X spectrum of AX J1745.6-2901 could be
well fit (χ2red/d.o.f.=0.5/5) with a power-law model of photon index
Γ = 2.2± 0.5 (F3−10 keV ∼ 3.5× 10−10 erg cm−2 s−1)2.
For all INTEGRAL revolutions from 1643 to 1652, we built
1 The conversion between the upper limit on the source count-rate and flux
has been done by using the observations of the Crab in revolution 1597, as
described in Bozzo et al. (2016).
2 Note that in order to avoid contamination issues both the JEM-X and
ISGRI spectra used in the present work were extracted from the instrument
mosaics with the MOSAIC SPEC tool rather than running the OSA software
down to the SPE level (see discussion in Bozzo et al. 2016).
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Figure 2. Mosaiked JEM-X (3-10 keV) and IBIS/ISGRI (20-40 keV) images around the position of Swift J174540.7-290015 obtained from the revolutions
1597-1604 performed before the source outburst (top and bottom left) and the revolutions 1643-1648 performed during the first part of the source outburst (top
and bottom right). As it can be seen, Swift J174540.7-290015 is only detected from revolution 1643 onward in IBIS/ISGRI, while in JEM-X AX J1745.6-2901
is detected in the earlier revolutions at a position consistent with Swift (albeit at a much lower luminosity (see text for details).
the IBIS/ISGRI and JEM-X mosaics and extracted the source spec-
tra in 13 energy bins for ISGRI and 8 energy bins for JEM-X (we
used data from both the JEM-X1 and JEM-X2 units). The JEM-X
spectrum obtained during revolution 1643 revealed a 3-20 keV flux
of F3−20 keV = 1.0×10−9 erg cm−2 s−1, therefore AX J1745.6-
2901 contaminated the emission from Swift J174540.7-290015 by
no more than 30% (see also Fig. 2). As AX J1745.6-2901 was
not detected in the previous IBIS/ISGRI mosaic, the recorded 20-
100 keV X-ray flux of 7.4×10−10 erg cm−2 s−1 is to be completely
attributed to Swift J174540.7-290015. This object remained bright
in all INTEGRAL data we used, and was detected at high signifi-
cance in the IBIS/ISGRI and JEM-X mosaics of all revolutions.
2.4 Karl G. Jansky Very Large Array
VLA observations of Swift J174540.7-290015 were carried out on
two epochs, 25 Feb 2016 and 25 Mar 2016. As we will discuss later
(see §5.1), Swift J174540.7-290015 was in the soft state during at
least the first of these VLA observations. In each epoch, data were
obtained in two frequency bands, C and Ku, with center frequencies
of 6.0 and 15.0 GHz, respectively. The VLA correlator was simul-
taneously configured for imaging and a phased array beam centered
on Swift J174540.7-290015. The VLA was in its C configuration
for both observations with a maximum baseline length of 3 km.
Imaging data were obtained over frequency ranges of 3.976 –
8.072 GHz and 12.952 – 17.048 GHz, respectively. The correlator
was configured to produce cross-correlations that were split into 64
frequency windows each with 128 channels in dual circular polar-
ization. These imaging data were reduced using the CASA VLA
pipeline. The radio galaxy 3C 286 was used to set the flux cali-
bration and the compact source J1744-3116 was used as a phase
calibration source for Swift J174540.7-290015. Additional steps of
self-calibration with Sgr A⋆ as the reference were performed us-
ing only visibilities with baselines longer than 50 kλ and 20 kλ
in Ku and C bands, respectively. Images of the Swift J174540.7-
290015 field using only these long baseline visibilities were pro-
duced. These long baselines filtered out much of the substantial
emission associated with the Northern arm of Sgr A West. Details
of the epochs and images are summarized in Table 1. No radio
source was identified at the location of Swift in either epoch at ei-
ther frequency.
We also recorded high time resolution data from a phased ar-
ray beam at the position of Swift J174540.7-290015. In both fre-
quency bands, these data were taken with 4.096 GHz total band-
width divided into 1024 frequency channels at 250 µs time reso-
lution. We searched for dispersed, periodic signals over dispersion
measures ranging from 0 to 10,000 pc/cm−3 and pulse frequency
drift (source acceleration) up to 5×10−5 Hz/s. At both frequencies,
pulses from the bright, nearby 3.76-s magnetar PSR J1745-2900
were detected with high signal to noise ratio, but no other signifi-
cant periodicities were found. Assuming 10% pulse duty cycle, the
10-sigma flux density limits for the periodicity searches were 30
µJy at C-band and 45 µJy at Ku-band.
Throughout the paper we assume a distance to the source
equal to 8 kpc (Genzel et al. 2010; Gillessen et al. 2013). Error-bars
are quoted at the 90 per cent confidence level for a single parameter
of interest. We also assume that the accretion disc is observed face
on. This is in agreement with the indication (§3.1) that the system is
c© 0000 RAS, MNRAS 000, 1–??
5Epoch UT Center Frequency Beam RMS
(GHz) (mJy)
25 Feb 2016 16:28 – 17:09 UT 6.0 7.8′′ × 2.3′′, 22◦ 53
. . . . . . 15.0 4.3′′ × 0.9′′, 29◦ 6
25 Mar 2016 13:45 – 14:45 UT 6.0 6.3′′ × 2.2′′, 18◦ 53
. . . . . . 15.0 3.5′′ × 0.9′′, 22◦ 14
Table 1. VLA Image Summary.
observed at low inclination (i < 60◦; Frank et al. 1987; Diaz-Trigo
et al. 2006; Ponti et al. 2016). Would the inclination be i = 60◦, the
inner disc radii and luminosities would be 1.4 and 2 times larger,
respectively.
3 SHORT TERM VARIABILITY
3.1 The XMM-Newton light curve
Figure 1 shows the PSF corrected EPIC-pn light curve in the 2-
10 keV band with 200 s bins. No variability is observed and the
data are well fit with a constant that is shown by the red dashed line
(χ2 = 161.7 for 170 degrees of freedom; dof). No bursts or dipping
events are observed during the XMM-Newton observation (White &
Mason 1985; Frank et al. 1987; Diaz-Trigo et al. 2006). To refine
our capability to detect bursts and dips we investigated a variety of
energy bands and time bins. No bursts are detected in light curves
with time bins, as short as sub-second. We also investigated soft
energy bands, where the effect of dipping is stronger (Diaz-Trigo et
al. 2006; Ponti et al. 2016), and their hardness ratio, but no dipping
events were found.
3.2 Timing analysis: broad band noise
We extracted MOS and pn light curves in the energy bands 2-10
keV, 2-6 keV, and 6-10 keV, with a time resolution of 3.5 ms and
200 ms, respectively. The power spectral density function (PSD)
was computed in each energy band and for each instrument sepa-
rately. The Poisson noise level was estimated from the mean power
at frequencies > 50 Hz, where counting noise variability domi-
nates. The relatively long frame time of the EPIC pn instrument in
Full Frame observing mode prevents us from sampling these fre-
quencies. Therefore, the Poisson noise level cannot be accurately
estimated, thus we did not consider the EPIC-pn PSD further.
Figure 3 shows the PSD of the MOS data in the 2-10 keV
band. For comparison we also plot the PSD of the BH X-ray binary
GX 339-4 in a high-luminosity hard state (De Marco et al. 2015).
SwiftJ174540.7-290015 displays significantly less power than ob-
served in a typical hard state of a BHXRB. Indeed, the 2-10 keV
fractional root-mean-square (rms) variability amplitude (e.g. Nan-
dra et al. 1997; Vaughan et al. 2003; Ponti et al. 2004) in the 0.1-64
Hz frequency interval is estimated to be 0.07 ± 0.02. This value
is consistent with what is typically observed in either a BH or NS
XRB in a soft/soft-intermediate state (Mun˜oz-Darias et al. 2011;
2014).
3.3 Timing analysis: search for periodic signals
We searched for periodic signals using the XMM-Newton pn and
MOSs data, as well as Swift WT-mode data (being sensible to sig-
nals between the Nyquist frequency, and the frequency resolution
of each dataset; van der Klis 1988). We used a modified version
of the Xronos analysis software to search for periodicities fol-
lowing the prescriptions described in Vaughan et al. (1994), and
we did not find any periodic or quasi-periodic signal in any of the
reported X-ray observations (we had accounted for the number of
bins searched, and the different d.o.f. of the noise power distribu-
tion in the non-detection level). We have searched all dataset per-
forming Fast Fourier Transforms over the total length of the ob-
servations, but also over small intervals of 0.5, 1, 3, and 5 ks in
order to search for signals that might have been possibly smeared
by Doppler shifts due to hour-long orbital periods. Unfortunately,
the dataset with by far the largest number of counts, the EPIC-pn,
had a timing resolution of ∼ 73ms, making our searches rather in-
sensitive to fast spinning pulsars (i.e. with spin periods of ∼ twice
this value).
We computed the 3σ upper limits on the sinusoid semi-
amplitude pulsed fraction (PF ) according to Vaughan et al. (1994)
and Israel & Stella (1996). The deepest limits at frequencies< 6Hz
were derived from the EPIC-pn data, having the larger number of
collected photons. Note that given the nature of this source, if a
very short orbital period causes Doppler smearing of the putative
signal (i.e. if the signal is not strong enough to be detected in our
small ∼1 ks chunks that might be free of Doppler smearing), these
PF limits are not constraining. To have a handle on the PF limits
on faster periodicities (anyway smaller than 300 Hz), we used the
MOSs data (taken in timing mode: 1.75 ms timing resolution) as
well as the Swift WT data (1.7 ms timing resolution), although hav-
ing to cope with a much reduced number of counts, and again using
the full length of the observation and searching in small consecu-
tive time intervals. We show the resulting 3σ upper limit on the PF
of a periodic signal (if not Doppler smeared in the presence of a
short orbital period) for both pn and MOS2 data in Fig. 4.
4 SPECTRAL ANALYSIS OF THE DEEP XMM-Newton
OBSERVATION
4.1 Characterisation of the mean spectrum
We fit the EPIC-pn spectrum by always including an absorption
component from neutral matter plus the contribution from the dust
scattering halo. The neutral absorption is fitted with the model TB-
NEW (see Wilms et al. 2000; 2011) with cross sections of Verner
et al. (1996) and abundances of Wilms et al. (2000). The dust
scattering halo is fitted with the model DUST (Predehl & Schmitt
1995). We assume that the dust scattering optical depth at 1 keV
is tied to the X-ray absorbing column density by the relation:
τ = 0.324× (NH/10
22cm−2; as in Nowak et al. 2012). However,
we note that a more proper modelling of the dust scattering effect
on the observed spectrum requires better knowledges about the lo-
cation and properties of the dust along the line of sight (Smith, Va-
lencic & Corrales 2016), as well as a better constrained location of
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GX 339-4 (hard state) 
Swift J174540.7-290015 
Figure 3. The PSD (in units of [rms/mean]2) of Swift J174540.7-290015
(red squares), computed from MOS2 data in the 2-10 keV energy band. The
2-10 keV PSD of GX 339-4 in a high-luminosity hard state (De Marco et
al. 2015) is reported for comparison (gray dots).
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Figure 4. (Main panel) Pulsed fraction 3σ upper limits as derived for the
2-10keV EPIC-pn. The fractional PF is in units of 100 %. (Upper inset)
MOS2 power density spectra. (Lower inset) Fractional pulsed fraction 3σ
upper limits as derived for the 2-10keV MOS2.
Swift J174540.7-290015, which would then require detailed anal-
ysis of the extended emission from the dust scattering halo. This is
already beyond the scope of this paper, but will be included in our
further study.
We first fit the spectrum with a series of single com-
ponent models. We start with an absorbed power law model
(DUST*TBNEW*POWERLAW in XSPEC). Large residuals remain at
high energy (χ2 = 1530.9 for 1189 dof; see Tab. 2). Moreover,
the best fit power law spectral index is unrealistically steep (Γ =
5.76±0.04), clearly indicating the thermal nature of this emission.
Therefore, we fit the spectrum with either an absorbed black body
(DUST*TBNEW*BBODY) or an absorbed multi-temperature disk
black body component (DUST*TBNEW*DISKBB). None of these
two models provides an acceptable fit, all leaving significant resid-
uals at high energies (see Tab. 2).
The large residuals at high energy clearly indicate the presence
of a second emission component. Therefore, we add to the thermal
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Figure 5. (Upper panel) EPIC-pn mean spectrum fitted with a black body
plus thermal Comptonization component, all absorbed by neutral material.
The red dashed and blue dotted lines show the contribution from the black
body and thermal Comptonization components, respectively (see Tab. 3).
(Lower panel) Residuals compared to the best fit model.
Single component model
DUST*TBNEW*POWERLAW
NH 25.6± 0.2
Γ 5.76± 0.04
APL 128 ± 8
χ2/dof 1530.9 / 1189
DUST*TBNEW*BBODY
NH 13.7± 0.2
kTBB 0.693± 0.003
ABB 0.0152± 0.0003
χ2/dof 2897.9 / 1189
DUST*TBNEW*DISKBB
NH 15.9± 0.1
kTDBB 0.832± 0.006
ADBB 278± 14
χ2/dof 2479.3 / 1189
Table 2. Best fit parameters of the EPIC-pn and MOS2 spectra with
a single component models. Column densities (NH ) are in units of
1022 cm−2, temperatures (kTBB and kTDBB) are in units of keV,
the power law normalisation (APL) is units of photons keV−1 cm−2
s−1 at 1 keV, the disc black body normalisation (ADBB ) is in units of
(Rin/km)2/(D/10 kpc)2, where Rin is the apparent inner disc radius
(in km units), D is the distance to the source (in 10 kpc units) and the black
body normalisation (ABB ) is in units of L39/(D/10 kpc)2, where L39 is
the source luminosity in units of 1039 erg−1 .
emission model the contribution provided by a thermal Comptoni-
sation component (reproduced by the NTHCOMP model; Zdziarski
et al. 1996; Zycki et al. 1999). Being the high energy cut off outside
of the XMM-Newton energy band, we fix the electron temperature
to a high value of E = 50 keV (consistent results are obtained by
fixing the electron temperature to e.g. 20 or 100 keV). The fit with
an absorbed black body plus thermal Comptonisation model pro-
vides a satisfactory description of the data (see Tab. 3). The best
c© 0000 RAS, MNRAS 000, 1–??
7Double component model ABS = DUST*TBNEW
ABS*(BBODY+NTHCOMP) ABS*(DISKBB+NTHCOMP) ABS*(BBODY+DISKBB) ABS*(DISKBB+BBODY)†
Model (1) (2) (3) (4)
NH 17.0± 0.3 18.7± 0.3 16.9± 0.3 18.5± 0.3
kTBB 0.54± 0.01 0.56± 0.01 1.58± 0.01
ABB 1900 ± 200 1882 ± 190 1.6±
+0.7
−0.5
kTDBB 0.66± 0.02 1.86± 0.14 0.68± 0.01
ADBB 1170
+180
−150
0.9+0.5
−0.3
1060 ± 130
Γ 3.8± 0.3 3.4± 0.4
AΓ 6.7
+2.6
−1.9
× 10−2 4+6
−3
× 104
χ2/dof 1255.2 / 1187 1272.8 / 1187 1246.2 / 1187 1262.7 / 1187
Table 3. Best fit parameters of the EPIC-pn and MOS2 spectra with two component models. The black body normalisation (ABB ) is in units of
(R/km)2/(D/10 kpc)2, where R is the source radius in km units. For the definition of the units of all the other parameters, see Tab. 2. †These are the
parameters associated to the second minimum in the χ2 distribution.
fit black body temperature is kTBB = 0.54 ± 0.01 keV produced
from a surface area with radius RBB = 35±11 km. The fit with an
absorbed multi-temperature disc black body plus Comptonisation
emission, provides a temperature of kT = 0.66 ± 0.02 keV and a
very reasonable inner disc radius of rin ∼ 27±10 km (or∼ 6.5 rS ,
with rS = 2GM/c2, where G is the gravitational constant, M is
the mass of the primary, assumed to be M = 1.4 M⊙ and c is the
speed of light), however the fit is slightly worse (see Tab. 3). Never-
theless, in both these cases, we observe a rather steep spectral index
of the Comptonisation component, with values of Γ ∼ 3.5 − 3.8.
Therefore, we substituted the Comptonisation component with a
second thermal component. On a statistical ground we obtained an
improved solution with the sum of an absorbed black body (with
kTBB = 0.56 ± 0.01 keV) plus a multi-temperature disk black
body emission (kTDBB = 1.86 ± 0.14 keV). However, we note
that the best fit inner radius of the disc black body component
is rin = 0.76 ± 0.5 km, therefore inside the NS surface (see
Tab. 3). For this reason we think that this solution is unlikely. We
note a second minimum in the χ2 distribution (χ2 = 1262.7 for
1187 dof), leading to a solution with kTBB = 1.58 ± 0.01 keV
plus a multi-temperature disk black body emission (kTDBB =
0.68 ± 0.01 keV). The best fit inner radius of the disc black body
component now results to be rin = 26 ± 9 km (corresponding
to ∼ 6 rS), while the black body component is produced from a
region with radius of r ∼ 1 km (Tab. 3).
In conclusion, the shape of the XMM-Newton spectrum is
dominated by a thermal component (either black body or disc black
body, with temperature of kTBB ∼ 0.55, kTDBB ∼ 0.67 keV)
plus an additional component at higher energy that could be repro-
duced either by a steep Comptonization component (perhaps asso-
ciated with the corona seen in accreting systems) or a black body
emission (possibly generated by the hotter parts on the surface of a
NS). Any of these possibilities appear viable, based uniquely on the
XMM-Newton data. In §5.1 and §5.2, we will investigate further the
source radiative process and we will break this model degeneracy
by studying the Swift and INTEGRAL long term spectral evolution.
4.2 Ionised absorption
High inclination accreting BH and NS are known to display
ionised absorption features, whenever they are observed in the
soft state (Neilsen et al. 2009; Ponti et al. 2012; 2016). No nar-
row Fe K absorption or emission line is evident in the spectra of
Swift J174540.7-290015. Fitting the spectrum with additional nar-
row Gaussian absorption lines, we compute upper limits on the line
equivalent width (EW) as stringent as EW < 10 eV to the pres-
ence of Fe XXV and Fe XXVI lines, therefore excluding the pres-
ence of either a disc wind or an ionised atmosphere (Diaz-Trigo et
al. 2006; Ponti et al. 2012; 2014; 2015; 2016; Miller et al. 2015).
Similar upper limits are valid for narrow emission lines between 6.4
and 7 keV. We also note that the addition of a broad Fe K emission
line is not required.
4.3 X-ray properties of the ISM
The observation of this bright state of Swift J174540.7-290015 al-
lows us to investigate the properties of the ISM along a line of sight
placed at less than∼ 16 arcsec from Sgr A⋆ (Baganoff et al. 2016).
To perform the investigation of the X-ray properties of the ISM, we
reproduced the source emission with the absorbed disc black body
plus black body model (model 4 in §4.1 and Tab. 3). The absorption
is fitted with the TBNEW model and the effect of the dust scattering
halo was taken into account (see Tab. 3). We observed that using
the PHABS absorption model, we measure a column density of ab-
sorbing material (NH = 18.3± 0.3× 1022 cm−2) consistent with
the values observed using TBNEW or TBABS. On the other hand,
a significantly lower value is observed if either the WABS model
(NH = 12.6±0.2×1022 cm−2) or the Anders & Grevesse (1989)
Solar abundances (NH = 12.1 ± 0.2× 1022 cm−2) are used.
Starting again from the best fit baseline model we explored
the possibility to constrain the abundances of the various ele-
ments. We did so by leaving the abundance of any metal produc-
ing edges in the 2-10 keV band free to vary (see Fig. 5). We ob-
serve that the abundances of Si, Cl, Cr, Ca, and Co are uncon-
strained, therefore we left their abundances fixed at the Solar value.
On the other hand, Iron (AFe = 0.5 ± 0.4 Solar) and Argon
(AAr < 0.9 Solar) are under abundant, compared to Solar, while
Sulphur (AS = 1.25+0.19−0.14 Solar) appears to be slightly overabun-
dant. We note that a larger column density of absorbing material is
required (NH = 20.1±1.2×1022 cm−2), once the Iron abundance
is left free to vary.
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Figure 6. Spectral slope evolution of Swift J174540.7-290015. Color sym-
bols have the same meaning as in Figure 7. The photon indices are derived
by fitting an absorbed power law to the 2-10 keV spectrum of every obser-
vation, separately, assuming NH = 25.6 × 1022 cm−2 from fitting the
XMM-Newton spectra. The square symbols indicate the hard state observa-
tions (filled blue - PC mode, empty purple - WT mode), while the circular
symbols indicate the soft state observations (filled red - PC mode, empty or-
ange - WT mode). The black star indicates the XMM-Newton observation.
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Figure 7. The inner disc temperature and flux derived from the best-fit disc
black body model to the spectrum in every Swift observation (with NH
fixed at 15.9 × 1022 cm−2). The square symbols indicate the hard state
observations (filled blue - PC mode, empty purple - WT mode), while the
circular symbols indicate the soft state observations (filled red - PC mode,
empty orange - WT mode). The black star indicates the XMM-Newton ob-
servation.
5 LONG TERM SPECTRAL VARIATIONS
5.1 The Swift monitoring
We first fitted all Swift spectra with an absorbed power law model
dust*tbnew*powerlaw. Due to the lower statistics of the sin-
gle ∼ 1 ks Swift spectra, we assumed a column density of NH =
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Figure 8. Panel-a, b, c are the PSF corrected Swift XRT flux of
Swift J174540.7-290015 in the 2-5 keV, 5-8 keV and 2-8 keV band, respec-
tively. The blue filled square symbols correspond to the PC mode observa-
tions when the source spectrum is dominated by a hard X-ray power law
component. The purple empty squares are in the WT mode. The red filled
circular symbols correspond to the observations when the source spectrum
is dominated by a soft X-ray thermal component (see Figure 7 and 9). The
orange empty circles are in the WT mode. Panel-d shows the hardness ratio
between the hard band (5-8 keV) and soft band (2-5 keV). In all panels,
the black star and the dashed line indicate the XMM-Newton observation on
26-02-2016.
25.6× 1022cm−2 (see Tab. 2) as found in fitting the higher resolu-
tion XMM-Newton EPIC spectra. This model cannot satisfactorily
reproduce all spectra, especially when Swift J174540.7-290015 en-
ters softer states. Nevertheless, by applying this simple model we
can probe the evolution of the spectral shape by tracking the vari-
ations of the power law photon index. Figure 6 shows the best fit
power law photon index to the 2-10 keV band. We observe a grad-
ual steepening of the spectral shape with time. In particular, very
steep spectral shape (with Γ > 5) are observed in the later ob-
serving period. Such steep spectral indices might indicate a ther-
mal nature of the emission mechanism. Therefore, we then fitted
all the Swift spectra with an absorbed multi-temperature disk black
body model dust*tbnew*diskbb. Fig. 7 shows the best fit in-
ner disc temperature vs. the inner disc radius. A Kendall’s rank
correlation test provides a correlation coefficient of ρ = −0.95 and
null hypothesis probability of 7 × 10−25. Despite its significance,
we think that this anti-correlation is induced by fitting the data with
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Figure 9. Combined, background subtracted, Swift XRT spectra of the soft
state (red) and hard state (blue) periods. The combined soft state spectrum
is well fitted by an absorbed disc black body (NH = 16.8× 1022 cm−2,
kTin = 0.80 keV), while the hard state by an absorbed power law compo-
nent (NH = 17.2× 1022 cm−2, Γ = 2.56).
the wrong spectral model. Indeed, we note that: i) the spectra accu-
mulated before MDJ=57442 (blue filled and violet open squares in
Fig. 6 & 7) are better fit by a power law component; ii) the best fit
inner disc radii of these spectra is significantly smaller than 10 km,
implying that the accretion disc extends either inside the NS surface
or inside the event horizon of a stellar mass BH during these obser-
vations. On the other hand, all the Swift spectra after MJD=57442
(red filled and orange open points in Fig. 6 & 7) are well fitted by
this absorbed thermal emission model. However, these relatively
low S/N spectra cannot rule out the presence of an additional com-
ponent in the hard X-ray as observed by XMM-Newton. In Fig. 7
the orange open and red filled points cluster around a small pa-
rameter space, indicating that these spectra also have similar shape.
Moreover, this model cannot reproduces the spectra when there is
clearly a hard component, as represented by the blue and purple
squares in Fig. 7. Fitting these spectra requires a very high temper-
ature (kT ∼ 1 − 8 keV) of the thermal component and variations
of the normalisation that imply unlikely variations of the thermal
emitting area (see Fig. 7).
Finally we adopt model 2 of Tab. 3 that is composed by the
sum of a thermal multi-temperature disc black body component
plus a power law dust*tbnew*(diskbb+powerlaw). This
model can well produce all the Swift spectra. From top to bottom,
Fig. 8 shows the source flux, in the 2-5, 5-8 and 2-8 keV band
as well as the hardness ratio plotted against the observation date.
During the first few days of Swift observations, Swift J174540.7-
290015 showed a clear and significant flux increase, by a fac-
tor of 3-4. Very significant variability, stronger in the hard band,
and a hard X-ray spectrum are observed up to MJD=57442 (see
Fig. 8). Afterwards, the spectrum softens, with an hardness ratio
HR < −0.5 and no strong variability is observed anymore (see
Fig. 8).
To enhance the signal to noise, we combined3 the Swift spec-
3 We use the ADDSPEC tool in the FTOOLS 6.18 package to derive the
combined source and background spectra, and group them with GRPPHA.
tra obtained before and after MJD=57442. The combined spectra
of these two periods are shown in Fig. 9 with blue and red symbols,
respectively. To capture what are the bulk of the spectral variations
and to avoid model degeneracies (as demonstrated by the higher
statistic XMM-Newton spectrum), we consider here only a single
emission component model. The spectral degeneracy will be bro-
ken by the addition of the INTEGRAL data, above 10 keV. The hard
state spectrum is better fit (χ2 = 613 for 538 dof) by a simple ab-
sorbed power law model with spectral index of Γ = 2.56 ± 0.07
(NH = 17.2 ± 0.5 × 1022 cm−2). A fit with either a single black
body or multi-temperature disk black body component provides
a significantly worse fit (∆χ2 = 141 and 56, respectively). The
combined soft state spectrum is fit by a simple absorbed multi-
temperature disc black body component with best fit temperature
kTin = 0.80± 0.02 keV (NH = 16.8± 0.7× 1022 cm−2, χ2 =
374 for 329 dof) and inner disc radius of rin = 15 ± 2 km. This
value is fully compatible with what is expected by an accreting neu-
tron star or a black hole. Note that the best fit temperature is slightly
lower than the mean value in Fig. 7, which is because the column
density of neutral material (NH) is allowed to vary when fitting the
combined spectra. For the soft state combined spectrum, a fit with
an absorbed power law provides a slightly better fit (χ2 = 353
for 329 dof), however the suspiciously large best fit spectral index
(Γ = 5.83 ± 0.18, NH = 26.2 ± 1.0 × 1022 cm−2) disfavours
this interpretation and leaves the disc black body model as the more
physical interpretation. The marked spectral and variability differ-
ence before and after MJD=57442 is reminiscent of spectral tran-
sitions in accreting X-ray binaries (Fender et al. 2004; Remillard
& McClintock 2006) and it suggests that Swift J174540.7-290015
might have undergone a state transition during the Swift monitoring
campaign.
5.2 The INTEGRAL monitoring
To break the degeneracies in the XMM-Newton and Swift data,
induced by the limited energy band considered, we investigated
the source behaviour in the INTEGRAL energy band. Figure 11
shows the JEM-X and IBIS/ISGRI light-curves of Swift J174540.7-
290015, since the start of the outburst. The source is detected in all
energy bands. In particular, a significant drop of hard X-ray emis-
sion (E > 10 keV) is observed after day 20, in correspondence to
the state transition inferred from the Swift data (Fig. 11), therefore
further confirming this scenario (see §5.1).
We accumulated all INTEGRAL data that are quasi-
simultaneous to Swift observations and we created a combined
”hard state” and ”soft state” spectrum (summing all ISGRI and
JEM-X spectra from revolution 1643-1648 and 1649-1652, cor-
responding to MJD 57429-57441 and 57443-57453, respectively).
We then performed a broad-band fit by considering these INTE-
GRAL and Swift spectra. As already clear from the analysis of the
XMM-Newton and Swift data, a single component emission model
is not an adequate description of the emission of Swift J174540.7-
290015 (see §4.1 and §5.1). Therefore, we began by applying the
Note that some observations with short exposure and thus very few counts
are excluded from the spectral combination. These low S/N spectra can-
not improve the combined spectra much, and the inclusion of these spec-
tra would also cause extra empty bins in the combined spectra due to
the spectral combining algorithm. We also note that the different observa-
tions caught Swift J174540.7-290015 at different fluxes and hardness ratios,
therefore limiting the power of extracting detailed spectral information from
these averaged spectra.
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Figure 10. VLT-NaCo archival K-band image of the field of
Swift J174540.7-290015. The Chandra error circle (Baganoff et al.
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Figure 11. JEM-X and IBIS/ISGRI light-curves of Swift J174540.7-290015
in different energy bands. Each point is integrated for both instruments
over an entire INTEGRAL revolution (from 1643 to 1652). The state tran-
sition inferred from the Swift data occurred around day 20. The INTE-
GRAL data show a simultaneous significant drop of hard X-ray emission
(E > 10 keV), further confirming this interpretation.
best fit double component models fitting the XMM-Newton spec-
trum (see Tab. 3) to the soft state cumulative Swift and INTE-
GRAL spectra. In all models that we explored, we applied an inter-
normalisation factor (see Tab. 4) between the different instruments.
We first considered the absorbed double thermal component
(CONS*ABS*(DISKBB+BBODY), see model 4 in Tab. 3). This
model (see §4.1 and Tab. 3), being composed by two thermal com-
ponents peaking below 2 keV, predicts very little emission above
∼ 20 keV. On the contrary, even in the soft state, Swift J174540.7-
290015 emits significant radiation above 20 keV. To try to re-
produce the hard X-ray emission, this model increases the best
fit temperature of the disc black body component and lowers the
disc inner radius to unrealistic values. Indeed, the best fit tem-
perature is kTDBB = 10+2.6−1.6 keV and the inner disc radius is
rin ∼ 0.025 km, the latter being too small for either a NS or a
BH. For this reason we rule out this model.
We then tested the absorbed black body plus Comptonisation
component (CONS*ABS*(BBODY+NTHCOMP), model 1 in in Tab.
3) as well as the absorbed disc black body plus Comptonisation
component (CONS*ABS*(DISKBB+NTHCOMP) model 2 in Tab. 3).
Incidentally, we note that even adding the INTEGRAL data, the
energy of the cutoff in the electron distribution is unconstrained
(E > 15 keV). Therefore we fix this value to 50 keV, as in the
previous fits (§4.1 and Tab. 3). Both these thermal plus Comptoni-
sation models provide a good description of the data (χ2 = 357.0
for 331 dof, χ2 = 355.9 for 331 dof, respectively). We note that the
best fit parameters of the absorber, black body and disc black body
components are consistent with the ones obtained by fitting the
higher statistics XMM-Newton spectrum alone (see Tab. 3). How-
ever, the addition of the INTEGRAL data allows us to obtain now
more reliable constraints on the parameters of the Comptonisation
component. In particular, the photon index of the Comptonisation
component (Γ = 2.1) is now consistent with the values typically
observed in accreting compact objects. Moreover, the detection of
X-ray emission up to ∼ 50 keV, allowed us to rule out that the soft
state emission is only composed by a combination of pure thermal
components.
We then also fitted the combined hard state spectrum (see Fig.
12). The broad band spectra can be fit by an absorbed Comptonisa-
tion component plus either a black body or a disc black body (see
models 1H and 2H in Tab. 4). None of these two models provide a
completely acceptable fit (χ2 = 659.2 for 552 dof and χ2 = 648.9
for 552 dof, respectively). We attribute this to the strong spectral
and flux evolution (e.g., variation in photon index) observed dur-
ing the hard state (see §5.1), that can not be properly taken into
account by the fit of these combined spectra. Therefore, we re-
frain the reader from extracting too detailed information from these
spectra4. It is clear, however, that the hardness ratio changed by a
factor of ∼ 3.4 between the hard (FH10−100 keV = 6.5 × 10−10
erg cm−2 s−1, FH2−10 keV = 3.8 × 10
−10 erg cm−2 s−1) and
soft (FS10−100 keV = 1.4 × 10−10 erg cm−2 s−1, FS2−10 keV =
2.8× 10−10 erg cm−2 s−1) state (see Fig. 12). This reinforces the
interpretation that the source underwent a state change during the
monitored period.
6 POSSIBLE NEAR INFRA-RED COUNTERPART
The location of Swift J174540.7-290015 was observed with
the Gamma-Ray burst Optical Near-infrared Detector (GROND;
Greiner et al. 2008) mounted at the MPG/ESO 2.2m telescope in
La Silla, on 2016 Febuary 19.35 UT. Observations were obtained
simultaneously in the J, and H photometric bands for 640 s inte-
gration time each5. The data were reduced with the standard tools
and methods as described in Kru¨hler et al. (2008). The photometry
was measured from circular apertures with radii corresponding to
4 For example, we note that some inter-normalisation factors are not con-
sistent with 1 and that significant residuals are still present.
5 GROND observes simultaneously in g′, r′, i′, z′, J, H, K. Due to the
extreme Galactic foreground reddening affecting the optical bands and sat-
uration affecting the K-band, only the J and H band data are discussed here.
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Figure 12. The broad-band spectra of Swift J174540.7-290015 extracted during the soft and hard states (as defined in § 5.2). For the hard state (right panel)
we used data from the INTEGRAL revolutions 1643-1648 (in black, red, blue and green are the Swift XRT, JEM-X1, JEM-X2 and IBIS/ISGRI). For the soft
state (left panel), data from revolutions 1649-1652 have been used (same color scheme as before). The soft state spectrum is dominated by an absorbed thermal
component below ∼ 10 keV and a Comptonisation tail at higher energies. The hard state spectrum is dominated by an absorbed Comptonisation component
inducing significantly larger high energy flux. See text for details.
Broad band fit of composite soft and hard state spectra ABS = DUST*TBNEW
Composite Soft State Composite Hard State
ABS*(DISKBB+BBODY) ABS*(BBODY+NTHCOMP) ABS*(DISKBB+NTHCOMP) ABS*(DISKBB+NTHCOMP) ABS*(BBODY+NTHCOMP)
Model (4S) (1S) (2S) (2H) (1H)
NH 15.9± 0.9 17.1± 1.1 18.8± 1.0 14.3 ± 1.0 13.3± 1.0
kTBB 0.62 ± 0.02 0.57± 0.03 0.79± 0.1
ABB 1100 ± 350 1800 ± 800 68
+63
−23
kTDBB 10
2.6
−1.6
0.67± 0.04 1.16± 0.18
ADBB 1
+1.2
−0.5
× 10−3 1100+700
−400
14+21
−8
Γ 2.1± 0.4 2.1± 0.4 1.92± 0.05 1.94± 0.06
AΓ 1.4
+1.0
−0.5
× 10−2 2.9± 1.7× 10−2 8.7± 5× 10−3 2.4± 1× 10−3
CJEMX1 < 1.16 0.96± 0.2 0.96± 0.2 1.5± 0.2 1.5± 0.1
CJEMX2 < 1.04 1.3
+1.5
−0.7
1.4+1.6
−0.7
0.98+0.18
−0.13
0.92± 0.12
CISGRI < 1.06 0.89± 0.18 0.9± 0.2 0.85± 0.12 0.70± 0.12
χ2/dof 369.5 / 331 357.0 / 331 355.9 / 331 648.9 / 552 659.2 / 552
Table 4. Best fit parameters of the combined, nearly simultaneous INTEGRAL and Swift soft state and hard state spectra of Swift J174540.7-290015. The same
models applied to the higher statistics XMM-Newton spectrum have been fitted to the combined broad band soft state (1S, 2S and 4S) spectrum, as well as to
the hard state (1H, 2H) one. For the definition of the units of all the other parameters, see Tab. 2 and 3.
the image full width at half maximum (1.1′′ in J and 1.4′′ in H) and
calibrated against 2MASS stars in the same field.
A single bright source, reported also by Masetti et al. (2016)
from archival VVV imaging, is seen at the Chandra X-ray position.
The apparent aperture magnitudes (in the Vega system) are J =
15.97 ± 0.12 and H = 12.76 ± 0.13. The location of the new
transient was also contained in a series of 15 GROND observations
obtained on 2015 April 26.35-26.42 UT when monitoring another
Galactic Center transient. No variability was found for the bright
near-IR source in the J or H band during this set of observations
and the median magnitudes of J = 16.10 ± 0.11 (seeing 1.1′′)
and H = 12.57± 0.10 (1.6′′) are consistent within errors with the
post-outburst measurements.
The near-IR source density at the position of the transient
is very high and GROND photometry corresponds with the co-
addition of the flux of all sources within the aperture. Therefore,
we can only conclude, that the brightest source within the Chan-
dra error circle, dominating the total emission, remained constant
between the pre- and post-outburst observations and none of the
fainter objects brightened to a level where it would increase the
overall emission within the aperture by more than 0.1 magnitude.
The GC is routinely observed with adaptive optics using NaCo
at the VLT (see Gillessen et al. 2009 for a description of the
program and data reduction). Figure 10 shows a stacked NaCo
K band image from archival (pre-outburst) observations. Besides
the bright source dominating the GROND photometry, multiple
fainter objects are resolved either inside or in the close proximity
to the Chandra error region (black circle). For the bright source
(see Fig. 10) we measure magnitudes of H = 12.98 ± 0.06
and K = 10.81 ± 0.03 while, for comparison, the fainter star
c© 0000 RAS, MNRAS 000, 1–??
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(indicated with 2 in Fig. 10) has Hstar2 = 17.24 ± 0.06 and
Kstar2 = 15.23 ± 0.03. The MPE-IR group obtained new NaCo
data on 2016 March 16. No significant variation in brightness of
any of the sources within the Chandra error circle is observed
(Gillessen private communication).
The probability of having such a bright star within the Chan-
dra error circle of ∼ 0.4 arcsec2 can be computed from number of
stars with mKs > 11 mag within an annulus centred on Sgr A⋆
and with inner and outer radii of 16− 5 arcsec and 16 + 5 arcsec,
respectively. This annulus includes the position of the putative near-
IR counterpart. The observed surface density within the annulus is
0.032 stars arcsec−2 implying a chance coincidence probability of
∼ 1 % of finding a source with mKs > 11 mag within the Chan-
dra error circle, i.e. that the bright source is not associated with the
the X-ray transient.
Using the average reddening towards the Galactic Center of
AK = 2.4± 0.1 mag (Fritz et al. 2011), the absolute K-band mag-
nitude is MK = −6.1. The star spectroscopically shows the CO
band heads in the K-band, which excludes stars hotter than spectral
class F (Wallace & Hinkle 1997). The absolute magnitude would
suggest it to be a late type giant or super giant.
7 DISCUSSION
We report the identification of a new accreting X-ray binary,
Swift J174540.7-290015 and results from the early phases of
its X-ray emission evolution. Swift J174540.7-290015 reached a
peak flux at an absorbed value of F = 6 × 10−10 erg cm−2
s−1 in the 2-10 keV band. During the XMM-Newton observation,
Swift J174540.7-290015 shows an absorbed and un-absorbed 2-
10 keV flux of Fabs = 2.9× 10−10 and Fun−abs = 14.5× 10−10
erg cm−2 s−1, respectively, that corresponds to Fun−abs = 52.8×
10−10 erg cm−2 s−1 in the 0.1-10 keV band. During the XMM-
Newton observation, Swift J174540.7-290015 showed an observed
2-10 keV luminosity of Labs = 2.1 × 1036 erg s−1 and an un-
absorbed luminosity of Lun−abs = 3.8 × 1037 erg s−1 in the 0.1-
10 keV band. Therefore, if Swift J174540.7-290015 is a NS with
MNS = 1.4M⊙, the observed luminosity is L ∼ 20 % of the Ed-
dington limit during the XMM-Newton observation (L < 20 %
if Swift J174540.7-290015 is a BH). Given these luminosities,
Swift J174540.7-290015 does not belong to the class of faint X-
ray transients (Wijnands et al. 2006).
We point out that Swift J174540.7-290015 is located at less
than 16 arcsec from Sgr A⋆ (the supermassive BH at the GC), less
than 17 arcsec from SGR J1745-2900 (Rea et al. 2013; Mori et
al. 2013; Coti-Zelati et al. 2015) and less than 1.7 arcmin from
the neutron star low mass X-ray binary AX J1745.6-2901 (Ponti
et al. 2015, 2016), therefore it lies in the field of view of all
XMM-Newton observations pointed to one of these sources (Ponti
et al. 2015a,b,c; 2016). No evidence for previous outbursts of
Swift J174540.7-290015 is present in the XMM-Newton, Chandra
and Swift archive (Degenaar et al. 2012; Ponti et al. 2015a,b).
We compute the upper limit on the X-ray emission of
Swift J174540.7-290015 during quiescence by stacking all Chan-
dra ACIS-I observations between 1999 and 2011, for a total expo-
sure of ∼ 1.8 Ms. We observe 54 counts within 0.34′′ from the
position of Swift J174540.7-290015, in the 0.5-10 keV band. This
translates in a 95 % upper limit of 3.5 × 10−5 cts s−1 (Gehrels
1986). Assuming the quiescent spectrum of Swift J174540.7-
290015 is described either by an absorbed (NH = 18.7 × 1022
cm−2) power law (with spectral index Γ = 2) or a black body
(kTBB = 0.3 keV) this can be translated into an un-absorbed lumi-
nosity ofLPL0.5−10 < 5×1031 erg s−1 orLBB0.5−10 < 1.7×1033
erg s−1. This upper limit on the quiescent X-ray luminosity is con-
sistent with both a NS or BH origin of Swift J174540.7-290015
(Narayan et al. 1997; Garcia et al. 2001; Rea et al. 2011; Armas
Padilla et al. 2014).
Radio observations did not detect either a steady or periodic
counterpart to Swift J174540.7-290015. Steady emission is ex-
pected under two scenarios. First, the fundamental plane of BH
activity can be used to predict the radio luminosity under the as-
sumption that the system is in the low hard state (Plotkin et al.
2012). For a 10 MBH black hole with the unabsorbed X-ray lumi-
nosity observed by XMM-Newton, we predict a radio flux density
of 6 mJy. The scatter in the fundamental plane is approximately
an order of magnitude so that values as high as 100 mJy are pos-
sible. The imaging non-detection with an rms of 6 mJy, thus, can
neither rule out nor confirm the presence of a jet in this system.
We note that by the time the first VLA observation has been taken,
Swift J174540.7-290015 already transitioned to the soft state. Sec-
ond, bright radio emission can be produced through interaction of
a jet with the dense interstellar medium of the Galactic center. The
low-mass X-ray binary CXOGC J174540.0-290031, located only
0.1 pc in projection from Sgr A⋆, reached a peak flux density of
100 mJy that was resolved into two lobes on either sides of the X-
ray (Bower et al. 2005). The proximity of Swift J174540.7-290015
to Sgr A West suggests that it could produce similar interactions
but we find no evidence for these.
The emission of Swift J174540.7-290015, during the XMM-
Newton observation is dominated by a thermal component that can
be well fitted either by multi-temperature disc black body, or black
body emission. In addition, emission at higher energies (up to 20-
50 keV) is clearly detected by INTEGRAL. The high energy emis-
sion is a clear sign of a Comptonization component, ruling out a
double thermal component consistent with the fits limited to ener-
gies below 10 keV. The disc black-body plus Comptonisation sce-
nario is perfectly compatible either with a NS or BH primary. In this
framework, the Comptonization component might be associated
with the coronal emission typically observed in accreting sources
and the multi-temperature disc black body could be produced by a
standard accretion disc extending down to ∼ 6.5 rS for a neutron
star (MNS = 1.4 M⊙) or ∼ 2 rS for a BH with MBH = 5 M⊙.
In the second scenario (model 1 and 1S in Tab. 3 and 4, respec-
tively), the presence of the black body emission suggests that the
primary is a NS. Also in this scenario, the Comptonisation might
be due to coronal emission, but the soft radiation would be domi-
nated by the boundary layer emission. However, the best fit black
body radius appears to be too large (RBB = 35± 11 km) to be as-
sociated with a conceivable NS. Nevertheless, we can not exclude
that the large observed area, attributed to the black body emission,
might be induced by the contribution from a disc emission com-
ponent not considered in our modelling. Alternatively, the black
body component might be in part produced by hot spots on the
surface of the NS. Would this indeed be the case, then a pulsation
should be present. However, this pulsation might be undetected ei-
ther because of the weakness of the black body emission or because
Swift J174540.7-290015 is a fast spinning millisecond pulsar (e.g.,
faster than our timing resolution, or a weak signal possibly also
smeared by a Doppler orbital shift).
From the spectral behaviour of Swift J174540.7-290015 we
can rule out a high mass X-ray binary (HMXB) nature of the
source. The spectra of HMXBs are characterised by a dominant
hard power law in the 0.2−10.0 keV band with typical photon in-
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dices of 1.0−1.5 for supergiant systems and around 0.9 for Be/X-
ray binaries (e.g. Haberl et al. 2008; Bozzo et al. 2012; Bodaghee
et al. 2012; Walter et al. 2015). HMXBs also do not show spectra
state transitions as observed from Swift J174540.7-290015.
Swift J174540.7-290015 was initially identified as a possible
magnetar due to its fast outburst rise. However, many observational
characteristics of this new transient are at variance with what is
usually observed in magnetar outbursts (see Rea & Esposito 2011
and Turolla, Zane & Watts 2015 for a review on outbursts and on
magnetars in general, respectively). The strong variability of the
outburst flux decay (see Fig.8) is unseen in the outburst decay of
magnetars, which are usually observed to decay smoothly toward
quiescence. This is also in line with the interpretation of these out-
bursts as being due to a large energy injection in the magnetar crust
triggered by the instability of the internal or external magnetic field
(possibly by a strongly twisted magnetic bundle), with a consequent
crustal heating and subsequent cooling (Beloborodov 2009; Pons &
Rea 2012). Furthermore, if placed at 8 kpc the peak luminosity of
the outburst is too high with respect to what is observed for mag-
netars, LX < 1036 erg/s, which is a limit believed to be regulated
by the strong dependence on temperature of the crustal neutrino
emissivity (Pons & Rea 2012). The deep upper limits on the PF of
this new transient (see Fig. 4) are rather unlikely (although a few
exceptions exists) compared with the usual strength (∼20-80%) of
the periodic signals (around 2-10 s) observed for magnetars. There-
fore, we believe the magnetar interpretation for this new transient
is extremely unlikely.
Observations of the X-ray reflection nebulae (irradiated
molecular clouds within a few hundred parsecs from Sgr A⋆)
suggest an either Solar or supersolar Iron abundance of the GC
ISM (Revnitsev et al. 2004; Terrier et al. 2010; Ponti et al. 2010;
2013; 2014b; Zhang et al. 2015). The observed low Iron abundance
(AFe = 0.5± 0.4 Solar) of the neutral absorbing material towards
Swift J174540.7-290015 is therefore rather surprising also with re-
spect to the accepted iron gradient in the Galactic disk (Friel et al.
2002; Pedicelli et al. 2009). We note that the measured value is
consistent with the Iron abundance towards 4U 1820-303, an X-ray
binary located at a distance of ∼ 7.6 kpc, at less than 1 kpc from
the GC (towards l = 2.79◦ and b = −7.91◦; Kuulkers et al. 2003;
Pinto et al. 2010). The observed under abundance is also in line
with the values measured towards a small sample of bright Galac-
tic X-ray binaries (Juett et al. 2006). We attribute this to depletion
of Iron into dust grains in the ISM (see Juett et al. 2006). Indeed,
depletion of elements in dust grains can reduce the effective cross
section for absorption. In grains, the optical depth can be higher
than one, therefore absorption will occur primarily on the surface.
Moreover, Iron atoms located deeper into the grain will be shielded
and they will not contribute to the absorption, effectively reducing
the strength of the element absorption edge (e.g. Juett et al. 2006).
The similarity of the observed Iron abundance to the ones mea-
sured along many other line of sights, is consistent with the idea
that a significant fraction of the absorption is produced in the ISM
along the Galactic arms and therefore it does not carry information
about the metal abundances characteristic of the GC region. Future
detailed modelling of the dust scattering halo of AX J1745.6-2901
and Swift J174540.7-290015 will better constrain this.
Given the long-term X-ray variability and spectral decompo-
sition, we then identify Swift J174540.7-290015 as an accreting X-
ray binary hosting a neutron star or a black-hole, most likely with a
low mass star companion. The discovery and identification of this
new GC transient as well as the continuous X-ray monitoring of the
central parsec is improving the determination of the population of
stellar remnants orbiting Sgr A⋆.
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